Virological and Immunological Characteristics of Human Echovirus 25 and a Murine Model of Coxsackievirus A16 Infection by 侯汪衡
 
 
学校编码：10384                                分类号      密级        
学号：21720080150421                                        UDC        
 
 
博  士  学  位  论  文 
人肠道病毒 Echo25型的病毒学及免疫学特征与
柯萨奇 A16型动物感染模型研究 
Virological and Immunological Characteristics of Human 
Echovirus 25 and a Murine Model of Coxsackievirus A16 
Infection  
 
侯汪衡 
 
指导教师姓名：  夏宁邵  教授 
专  业 名 称：生物化学与分子生物学 
论文提交日期： 2014年 11月 10日 
论文答辩时间： 2014年 12月 10日 
学位授予日期： 2014年   月   日 
 
答辩委员会主席： 林旭 教授 
评    阅    人：           
2014年 12月  
厦
门
大
学
博
硕
士
论
文
摘
要
库
 
 
厦门大学学位论文原创性声明 
 
本人呈交的学位论文是本人在导师指导下,独立完成的研究成果。
本人在论文写作中参考其他个人或集体已经发表的研究成果，均在文
中以适当方式明确标明，并符合法律规范和《厦门大学研究生学术活
动规范（试行）》。 
另外，该学位论文为（ 夏宁邵 ）课题（组）的研究成果，获得
（ 国家科技重点项目（2011ZX09401-403），国家自然科学基金
（81371817），国家自然科学青年基金（30925030） ）课题经费或实
验室的资助，在（ 厦门大学国家传染病诊断试剂与疫苗工程技术研
究中心 ）实验室完成。 
 
声明人（签名）：侯汪衡 
            2014年 12月 10 日 
 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
 
 
厦门大学学位论文著作权使用声明 
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办法》
等规定保留和使用此学位论文，并向主管部门或其指定机构送交学位
论文（包括纸质版和电子版），允许学位论文进入厦门大学图书馆及
其数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博士、
硕士学位论文共建单位数据库进行检索，将学位论文的标题和摘要汇
编出版，采用影印、缩印或者其它方式合理复制学位论文。 
本学位论文属于： 
（ √ ）1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月  日解密，解密后适用上述授权。 
（    ）2.不保密，适用上述授权。 
（请在以上相应括号内打“√”或填上相应内容。保密学位论文
应是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密
委员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认
为公开学位论文，均适用上述授权。） 
 
 
                             声明人（签名）：侯汪衡 
2014年 12 月 10 日 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
 I  
目录 
目录 ............................................................................................................. I 
Context .................................................................................................... IV 
摘要 ......................................................................................................... VII 
Abstract ..................................................................................................... X 
缩略词 ................................................................................................... XIII 
前言 ............................................................................................................. 1 
1. 人肠道病毒的病毒学基础 .............................................................................. 1 
1.1 肠道病毒分类......................................................................................... 1 
1.2 肠道病毒形态结构................................................................................. 4 
1.3 肠道病毒生活史..................................................................................... 6 
1.4 肠道病毒的分子生物学特征................................................................. 8 
2. 人肠道病毒的流行病学研究 .......................................................................... 9 
2.1 HFMD 与肠道病毒的关系 ..................................................................... 9 
2.2 肠道病毒在世界范围内的分子流行病学调查.................................... 13 
3. 人肠道病毒感染导致的临床症状与传播特征 ............................................ 20 
3.1 肠道病毒感染导致的临床症状........................................................... 20 
3.2 肠道病毒传播特征............................................................................... 21 
4. HFMD 相关肠道病毒的检测与预防 ............................................................ 23 
4.1 人肠道病毒检测方法........................................................................... 23 
4.2 人肠道病毒的动物模型....................................................................... 29 
4.3 手足口病相关疫苗研究进展............................................................... 31 
5. 病毒性脑膜炎相关人肠道病毒及 Echo25 研究进展 .................................. 38 
5.1 可以引发病毒性脑膜炎的肠道病毒................................................... 39 
5.2  Echo25 病毒的病毒学特征 ............................................................... 39 
5.3  Echo25 病毒的临床症状及流行特点 ............................................... 43 
6. 本研究的目的和意义 .................................................................................... 49 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
 II  
材料方法 .................................................................................................. 51 
1. 材料 ................................................................................................................ 51 
1.1 主要仪器................................................................................................ 51 
1.2 主要耗材............................................................................................... 52 
1.3 主要试剂和实验动物............................................................................ 52 
1.4 实验用溶液及培养基配制.................................................................... 54 
2. 方法 ................................................................................................................ 56 
2.1 常规分子克隆实验方法........................................................................ 56 
2.2 哺乳动物细胞培养............................................................................... 57 
2.3 病毒分离、培养、浓缩及纯化........................................................... 57 
2.4 病毒颗粒的负染色............................................................................... 59 
2.5 病毒滴度的检测................................................................................... 59 
2.6 酶联免疫斑点法检测 Echo25 病毒中和抗体 .................................... 60 
2.7 Echo25 的病毒 RNA 检测 .................................................................... 61 
2.8 Echo25 病毒基因组 DNA 的克隆 ........................................................ 62 
2.9 动物攻毒方法和监测统计方法........................................................... 62 
2.10 动物组织取材..................................................................................... 63 
2.11 动物组织病理制片 ............................................................................. 64 
2.12 免疫组织化学检测和苏木素伊红染色............................................. 65 
2.13 免疫荧光............................................................................................. 66 
2.14 常规 ELISA 检测 ................................................................................ 67 
2.15 单克隆抗体的制备.............................................................................. 67 
结果与分析 .............................................................................................. 70 
第一部分：厦门地区手足口病流行情况研究 ................................................. 70 
1.1 HFMD 患者标本的来源 ....................................................................... 70 
1.2 疑似 HFMD 患者标本的检测流程 ..................................................... 71 
1.3 HFMD 病例的时间分布分析 ............................................................... 72 
1.4 HFMD 病例的年龄与性别分布分析 ................................................... 72 
1.5 HFMD 病例的病原谱分析 ................................................................... 73 
1.6 小结........................................................................................................ 75 
第二部分：Echo25 病毒的研究 ........................................................................ 76 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
 III  
2.1 Echo25 病毒的分离与鉴定 .................................................................. 76 
2.2 Echo25 病毒的培养及感染性克隆构建 .............................................. 88 
2.3 Echo25 小鼠单抗制备 .......................................................................... 92 
2.4 Echo25 中和检测方法建立 ................................................................. 96 
2.5 Echo25 中和单抗筛选 ....................................................................... 104 
2.6 Echo25 纯化方法建立及纯化工艺的优化 ....................................... 108 
2.7 Echo25 病毒动物感染模型初探 ....................................................... 111 
2.8 小结..................................................................................................... 116 
第三部分：CA16 动物感染模型的建立及应用 ............................................ 117 
3.1 针对小鼠 CA16 强毒株的筛选 ......................................................... 117 
3.2 影响 CA16 小鼠攻毒模型的因素 ..................................................... 118 
3.3 CA16 感染小鼠组织学检测 ............................................................... 122 
3.4 CA16 保护模型的建立 ....................................................................... 124 
3.5 小结..................................................................................................... 128 
讨  论 ..................................................................................................... 129 
1.  需要进一步加强对肠道病毒的流行病学监测 ........................................ 129 
2.  肠道病毒的分离及病毒全基因组感染性克隆 ........................................ 131 
3.  肠道病毒基因组重组对分型结果的影响 ................................................ 132 
4. 肠道病毒免疫血清的交叉保护 .................................................................. 133 
5. CA16 对小鼠具有较高的致死性毒力......................................................... 133 
小结与展望 ............................................................................................ 135 
参考文献 ................................................................................................ 137 
在校期间发表的论文与申请的专利 .................................................... 156 
致谢 ......................................................................................................... 157 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Context 
 IV  
Context 
Abstract ..................................................................................................... X 
Abbreviations ...................................................................................... XIII 
Introduction ............................................................................................... 1 
1. Virology of human enterovirus ..................................................................... 1 
1.1 Classification of enterovirus .................................................................... 1 
1.2 Morphology of enterovirus ...................................................................... 4 
1.3 Life cycle of enterovirus .......................................................................... 6 
1.4 Molecular biological feature of enterovirus ............................................. 8 
2. Epidemiology of human enterovirus .............................................................. 9 
2.1 HFMD and enterovirus ............................................................................ 9 
2.2 Molecular Epidemiology of human enterovirus .................................... 13 
3. Clinical symptoms and propagation characteristics of enterovirus .......... 20 
3.1 Clinical symptoms ................................................................................. 20 
3.2 Propagation characteristics of enterovirus ............................................. 21 
4. Detection and Prevention of enterovirus ..................................................... 23 
4.1 Detection methods of enterovirus .......................................................... 23 
4.2 Animal models of enterovirus ................................................................ 29 
4.3 Research progress of prophylactic vaccines .......................................... 31 
5. Research progress of echovirus 25 which related to viral meningitis ....... 38 
5.1 Enterovirus related to viral meningitis ................................................... 39 
5.2 Virology of echovirus 25 ....................................................................... 39 
5.3 Clinical symptoms and propagation characteristics of echovirus 25 ..... 43 
6. Purpose and significance of the research ..................................................... 49 
Materals and Methods ............................................................................ 51 
1. Materials ......................................................................................................... 51 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Context 
 V  
1.1 Instruments ............................................................................................. 51 
1.2 Consumables .......................................................................................... 52 
1.3 Reagents and animals ............................................................................. 52 
1.4 Preparation of solution and medium ...................................................... 54 
2. Methods ........................................................................................................... 56 
2.1 Methods for routine molecular expriments ............................................ 56 
2.2 Cell culture ............................................................................................. 57 
2.3 Virus isolation, cultivation, concentration and purification ................... 57 
2.4 Negative staining of virus particles........................................................ 59 
2.5 Virus titration ......................................................................................... 59 
2.6 ELISPOT neutralization assay ............................................................... 60 
2.7 RNA detection of echovirus 25 .............................................................. 61 
2.8 Cloning of echovirus 25 genomic DNA ............................................... 62 
2.9 Lethal virus challenge and statistical methods ....................................... 63 
2.10 Sampling animal tissues ....................................................................... 64 
2.11 Making pathological sections of animal tissues ................................... 64 
2.12 Immunohistochemical detection and hematoxylin and eosin Staining 65 
2.13 Immunofluorescence assay .................................................................. 66 
2.14 Routine ELISA..................................................................................... 67 
2.15 Monoclonal antibodies ......................................................................... 67 
Results and Analysis ............................................................................... 70 
Part 1：Epidemiology of HFMD in Xiamen ................................................... 70 
1.1  HFMD patients specimens .................................................................. 70 
1.2  Testing process of suspected HFMD .................................................. 71 
1.3  The time distrubution of HFMD cases................................................ 72 
1.4  The age distrubution of HFMD cases ................................................. 72 
1.5  Pathogen spectrum analysis of HFMD cases ...................................... 73 
1.6  Summary ............................................................................................. 75 
Part 2：Echovirus 25 Research ........................................................................ 76 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Context 
 VI  
2.1 Isolation and identification of echovirus 25 ........................................... 76 
2.2 Viral culture and infectious clone of echovirus 25 ................................ 88 
2.3 Monoclonal antibodies of echovirus 25 ................................................. 92 
2.4 Neutralization method of echovirus 25 .................................................. 96 
2.5 Neutralization antibody of echovirus 25 .............................................. 104 
2.6 Purification of echovirus 25 ................................................................. 108 
2.7 Murine model of echovirus 25 ............................................................. 111 
2.8 Summary .............................................................................................. 116 
Part 3：Establishment and application of CA16 animal model .................. 117 
3.1 CA16 strains screen ............................................................................. 117 
3.2 Factors affect CA16 animal model ...................................................... 118 
3.3 Infection detection of mouse tissues .................................................... 122 
3.4 Establish protection animal model CA16 ............................................ 124 
3.5 Summary .............................................................................................. 128 
Discussions ............................................................................................. 129 
1.  further strengthen the epidemiological surveillance of enteroviruses . 129 
2.  Enterovirus isolation and virus genome infectious clone ...................... 131 
3.  Enterovirus genome reorganization and genotyping ............................ 132 
4.  Enteroviruses immune serum cross-protection ...................................... 133 
5. CA16 exhibit high toxicity in mice ............................................................. 133 
Summary and future prospects ........................................................... 135 
Reference ............................................................................................... 137 
Publications ........................................................................................... 156 
Ackonwlegement ................................................................................... 157 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
 VII  
摘要 
由人肠道病毒感染引起的手足口病（Hand, Foot and Mouth Disease，HFMD）
多发生于婴幼儿，在我国法定丙类传染性疾病中发病率和死亡率最高，严重危害
婴幼儿的生命和健康。2014 年我国手足口病的发病率超过 2012 年和 2013 年同
期的发病率，当前尚无投入实际应用的疫苗或特效药物。目前我国大陆地区的
HFMD 疫情主要与肠道病毒 71 型（EV71）和柯萨奇病毒 A16 型（CA16）有关，
但由于肠道病毒种类多样，一些较少被关注的肠道病毒同样也可导致较为严重的
疫情，近期在美国发生的肠道病毒 D68 型（EV-D68）疫情就是一个典型的案例。
因此，开展相关的病原体流行病学监控及对不同肠道病毒的基础性研究对于及时
发现和发展有效防控手段具有十分重要的意义。本研究开展了厦门地区 HFMD
的分子流行病学调查研究，分析了解厦门地区肠道病毒的流行趋势，同时开展病
毒流行株分离鉴定，对一种来自厦门的并在我国有多地报告的肠道病毒 Echo25
型开展了病毒学和免疫学研究，进行了病毒全基因组的克隆方法、免疫学检测方
法以及疫苗开发可行性的研究。本研究还建立了 CA16 动物感染模型，为相关预
防性疫苗和治疗性抗体研究提供支持。 
本研究首先对厦门地区 2012 至 2014 年的 HFMD 患者临床标本开展了肠道
病毒分子流行病学调查。结果显示，厦门地区报告的 HFMD 病例均主要集中在
每一年度的第 2 季度和第 3 季度，其中主要以 4 至 8 月份为主。患者的年龄分布
主要为 1 至 3 周岁。通过提取标本的病毒核酸进行 RT-PCR 检测发现，厦门地区
2012至2014年的HFMD患者的病原体主要为EV71和CA16，分别占32%和16%，
但从连续 3 年的检测结果分析，EV71 和 CA16 在 HFMD 患者中的检出比例呈现
下降趋势，而非 EV71 和 CA16 的肠道病毒的检出比例呈现上升趋势。该现象与
其它一些地区报道的肠道病毒流行情况有一定相似，即在一定时期呈现不同型别
病毒交替出现。这种现象可为不同肠道病毒的重组和进化等提供合适的机会，也
加大了发展通用 HFMD 疫苗的难度。因此，更全面地开展对不同肠道病毒的研
究对于提升应对 HFMD 及相关疾病的能力是很有必要的。 
本研究进一步对上述部分非EV71和CA16感染的HFMD患者标本在MRC-5、
RD 和 Vero 细胞中开展了肠道病毒分离的研究，分离获得 1 株 Echo25 病毒和 7
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株CB5病毒。其中，该株Echo25病毒为厦门地区首次分离获得的流行株（XM0927
株）。本研究对该 Echo25 毒株进行了全基因组克隆及测序（GenBank No. 
KP099941）。通过对获得的病毒基因组序列开展系统进化分析显示，该毒株与我
国山东地区和河南地区分离的Echo25毒株GQ246503和HM031191同属D亚型。
通过进一步开展基因组重组分析显示，该 Echo25 毒株的 5’-UTR 区与 EV77 病毒
可能存在重组的现象。本研究进一步成功构建了 Echo25 病毒的首个全基因组感
染性克隆，并在细胞水平证明其可高效产生具有感染活力的病毒，其增殖能力与
原始分离株无显著性差异。该感染性克隆可为进一步开展 Echo25 病毒的基因功
能、中和表位和反向疫苗学等研究提供重要条件。本研究同时开展了 Echo25 病
毒的制备和纯化研究，获得了较好纯度的病毒颗粒，并开展了透射电镜检测。通
过将该 Echo25 病毒免疫 BALB/c 小鼠，获得多抗血清，并进一步筛选获得了 7
株可特异性针对 Echo25 毒株的单克隆抗体。通过对上述 7 株单抗的亲和能力和
特异性进行评价，结果显示，单抗 5B9 具有较优的亲和力和反应灵敏度。本研
究进一步制备了辣根过氧化物酶标记的 5B9（5B9-HRP）建立 Echo25 感染细胞
的酶联免疫斑点检测方法，并成功建立了 Echo25 中和抗体酶联免疫斑点检测方
法。应用该方法，本研究筛选获得 3 株抗 Echo25 中和性单克隆抗体，其中 2E9
具有较优的中和能力，其 IC50 为 4.1 ng/mL。对 Echo25 病毒免疫小鼠后的多抗血
清进行抗其它不同肠道病毒的中和能力检测显示，Echo25 病毒免疫血清不能中
和本研究中使用的其它 4 种肠道病毒，包括 CA16、EV71、CB3、Echo30；同时
EV71 与 CA16 病毒的免疫后血清也不能阻断 Echo25 的感染，说明当前研制的
EV71 或 CA16 疫苗无法阻断 Echo25 的感染。本研究进一步对厦门地区 2010 年
收集的部分 EV71 或 CA16 感染确诊患者的血清进行 Echo25 中和抗体检测，发
现其中部分血清具有阻断 Echo25 感染细胞的能力，这表明厦门地区可能存在
Echo25 与 EV71 或 CA16 共感染和共流行的情况，由于受限于检测手段而不为人
所知。本研究也初步探索了基于该 Echo25 流行株建立新生小鼠感染模型的可行
性，但结果显示 Echo25 对 BALB/c 新生鼠的毒性极低，需要开展进一步的研究。 
疫苗在进入临床试验之前，必须要在动物水平上评价其免疫原性和保护性。
因此，建立相关的评价模型至关重要，特别是动物攻毒保护模型。为支持 CA16
疫苗的研究工作，本研究同时开展了 CA16 动物感染模型的研究。在已有工作基
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础上，本研究进一步验证了 CA16 强毒株 4479 和 Z49 对新生小鼠的毒性，并通
过对攻毒方式、实验小鼠品系和攻毒株稳定性等方面的摸索，建立了 CA16 动物
感染模型，同时建立了被感染小鼠的组织病理检测方法。根据 CA16 病毒免疫母
鼠产生的中和抗体可通过血胎屏障传递给乳鼠，并对其产生保护效果的原理，本
研究建立了基于母传抗体的 CA16 动物保护模型，并用于 CA16 疫苗的动物模型
保护效果评价研究。 
关键词：肠道病毒；埃可病毒 25 型；感染性克隆；中和抗体；柯萨奇病毒 A16
型动物模型 
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Abstract 
Hand, foot and mouth disease (HFMD) is a common infectious disease in infants 
caused by enterovirus, with high morbidity and mortality in Class-C communicable 
disease. In 2014, the incidence of HFMD remains higher than 2012 and 2013. 
Currently, effective chemoprophylaxis or vaccination approaches for dealing with 
HFMD are still not available. The most common strains causing HFMD are 
coxsackievirus A16 (CA16) and enterovirus 71 (EV71) . Besides EV71 and CA16, 
numerous outbreaks of HFMD have occurred throughout the world by other HEVs. 
For example, the largest outbreak of enterovirus D68 (EV-D68) is currently occurring 
in the United States (US), causing substantial hospitalisation of children with severe 
respiratory disease. Therefore, the program to prevent this disease concentrates on 
monitoring and epidemiological characteristics is of great importance. In this study, 
clinical samples from HFMD patients were investigated in order to identify the virus 
serotypes outbreak in Xiamen City. The predominant enterovirus serotypes were 
analyzed. The virological and immunological studies of identified strains Echo25 
were performed. In addition, the construction of the infectious cDNA clone, 
immunological detection methods and vaccine studies were also performed. We also 
explored the CA16 animal infection models, which is important for the research of 
vaccines and therapeutic antibody. 
In this study, clinical samples from HFMD patients were investigated in order to 
conduct an analysis on epidemiological characteristics in Xiamen during the period 
from 2012-2014. Monthly changes in the number of cases showed HFMD cases were 
detected throughout the year. A sharp peak in the number of cases occurred in 
April-August. The greatest number of cases was in the age group between zero and 
three years. Overall, the main pathogens causing HFMD in Xiamen during the period 
from 2012-2014 were enterovirus 71 (EV71) and coxsackievirus A16 (CA16), which 
accounted for 32% and 32% of the total causative viruses by real-time RT-PCR. It is 
important to note that the proportion of EV71 and CA16 showed a significance 
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declining trend over the years. In some cases, the proportion of other HEVs has been 
even higher. Besides EV71 and CA16, the co-circulation of other HEVs has also been 
reported. This phenomenon may provide suitable opportunities for other enterovirus 
recombination and evolution, but also increased the difficulty of developing common 
HFMD vaccine. Therefore, a more comprehensive research on the other enteroviruses 
for preventing HFMD is necessary. 
Furthermore, isolation of enterovirus was carried out from HFMD patients 
infected by non- EV71 or non-CA16. Finally, one Echo25 virus and seven CB5 virus 
were isolated from MRC-5, RD and Vero cell lines. Interestingly, Echo25 virus which 
named XM0927 strain was the first time isolated in Xiamen. Firstly, genome of 
Echo25 had been extracted and sequenced (GeneBank No. KP099941). Based on 
phylogenetic analysis of the sequence, we found that XM0927 strain was subtype D, 
which was similar to GQ246503 strain isolated from Shandong province and 
HM031191 strain isolated from Henan province. And as genome recombination 
analysis shown, 5’-UTR of Echo25 might be recombinant with EV77. Then infectious 
cDNA clone of Echo25 was first time constructed. And it had been demonstrated that 
infectious cDNA clone of Echo25 could be efficiently used to produce recombinant 
virus in cell model. Just like with original isolated Echo25 virus, recombinant virus 
also could prolife in cells. It was suggested that infectious clone and recombinant 
virus could be used for function, neutralizing epitope and reverse vaccinology 
research of Echo25. Then, Echo25 had been purified and detected by EM. 
Subsequently, the purified virus were used to administrate in mice. And the screening 
of monoclonal antibodies against Echo25 were carried out with ELISA. 7 mAbs cells 
were isolated, and 7 mAbs were harvested. Among them, 5B9 had higher reactivity. It 
was worth mentioning that 5B9 was conjugated with HRP, and a novel Elispot method 
with 5B9-HRP was constructed to detect neutralizing activity of mAbs against 
Echo25. Then 7 mAbs were evaluated with novel neutralizing model. And it was 
verified that 3 mAbs could block Echo25 infection. Among them, 2E9 had higher 
neutralizing activity, which IC50 was 4.1 ng/ml. At the same time, serum from 
Echo25-immunized mice had been evaluated to neutralize other enterovirus. The 
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results showed that it could not cross-neutralizing CA16, EV71, CB3 and Echo30. 
Similarly, serum from EV71 and CA16 administrated mice also could not 
cross-neutralizing Echo25. It was predicted that EV71 and CA16 vaccine might not 
be that efficient to Echo25 infection. To further verify if EV71 and CA16 vaccine 
could protect Echo25 infection from human, serum of EV71 and CA16 infected 
patients were evaluated to neutralize Echo25. Serum were collected in 2010 at 
Xiamen City, and were detected by Elispot. Importantly, it was observed that few 
serum could block Echo25. It was suggested that patients might be infected by 
Echo25, EV71 and CA16 at the same time. However, it was not verified due to the 
limit detection method. Also, we try to construct Echo25 infected mouse model. 
Unfortunately, BLAB/c mouse was not sensitive enough for Echo25 infection. It was 
worth to take further research.  
As we known, evaluation of immunogenicity and protective on animal model 
was important to vaccine clinical trial. Specially, it’s necessary to construct virus 
infected animal model. In order to evaluate CA16 vaccine, we also tried to construct 
CA16 infected animal model. We had isolated high infectious virus strain 4479 and 
Z49, which were evaluated in newborn mouse. In our studies, the stain of mouse, 
stability of the virus, and administrated methods of virus were also optimized. At last, 
CA16 infected mouse model had been constructed. Also histopathological detection 
method was established. In previous studies, it was reported that neutralizing 
antibodies of pregnant mouse immunized with CA16 virus could transferred to 
newborn mouse due to the fetal blood barrier. Therefore, we try to construct novel 
model to evaluate CA16 vaccine based on neutralizing antibodies obtained from 
mother. 
Keywords: Enterovirus; Echo25; Infectious cDNA clone; Neutralizing antibody; 
CA16 animal infection models 
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缩略词 
Amp：Ampicillin，氨苄青霉素 
bp：base pair，碱基对 
CA16：Coxsackievirus A16，柯萨奇病毒 A 组 16 型 
CFT：complement fixation test，补体结合实验 
CPE：cytopathic effect，致细胞病变效应 
Da：Dalton，道尔顿 
DNA：Deoxyribonucleic Acid，脱氧核糖核酸 
DMSO: Dimethyl Sulfoxide, 二甲亚砜 
Echo25：Echovires 25，埃可病毒 25 型 
ELISA：Enzyme-linked ImmunoSorbant Assay，酶联免疫吸附测定 
Elispot：enzyme linked immunospot assay，酶联免疫斑点法 
EM：Electron Microscopy，电子显微镜 
EV：enterovirus，肠道病毒 
EV71：enterovirus 71，肠道病毒 71 型 
FBS：Fetal Bovine Serum，胎牛血清 
HE：hematoxylin and eosin Staining，苏木素伊红染色 
HFMD：Hand, foot and mouth disease，手足口病 
HRP：Horseradish Peroxidase，辣根过氧化物酶 
IC50 ：50% Inhibitory concentration，半数有效抑制浓度 
IFA：Immuno fluorescence Assay，免疫荧光实验 
IgG：Immunoglobulin G，IgG 抗体 
IgM：Immunoglobulin M，IgM 抗体 
IHC：Immunohistochemical detection，免疫组织化学检测 
Kan：Kanamycin，卡那霉素 
kb：kilo base pair，千碱基对 
kD：kilo Daltons，千道尔顿 
mAb：monoclonal antibody，单克隆抗体 
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